Serologic test data and bacteriologic culture results from 816 cattle were evaluated. Brucella abortus (field strain or strain 19) was isolated from 27.3% of the cows. Results of the card test, particle concentration fluorescence immunoassay (PCFIA), and complement fixation (CF) test were compared. Antibody titers were directly associated with B. abortus isolation, with the majority (64.7%) of field strain isolations having a PCFIA value of ≤0.300 and a CF test result of at least 1 + at a 1:160 dilution. The specificity of the CF test was significantly higher than that of the PCFIA (at CF ≥ 1:40 and PCFIA ≤ 0.300).
With the reduction in the incidence of brucellosis in cattle in the United States, the ability to make an accurate diagnosis becomes increasingly important. Isolation of field strain Brucella abortus is the method of choice for establishing the presence of infection. Serologic tests are often used to make a diagnosis because isolation of the organism is not always possible. The presence of persistent titers following vaccination with B. abortus strain 19 complicates the diagnosis. Inherent characteristics of the different serologic tests vary from those that produce few false-negative results (highly sensitive) to those that are less likely to incorrectly designate an animal as infected (highly specific). As the level of infection in a population decreases, the demand for a highly specific test increases, because positive tests are more likely to incorrectly designate an animal as infected when the prevalence of disease is lower. In the absence of a single definitive test, diagnosis is best accomplished through the interpretation of a battery of tests accompanied by herd and animal history.
The card test, like other agglutination tests, is sensitive but produces a relatively high number of falsepositive results. 11 One study demonstrated a sensitivity and specificity of 99.7% and 8.4%, respectively, in adult vaccinated cows, using culture as the definitive test. 2 This profile makes the card test useful as a screening test. The complement fixation (CF) test is often used as a confirmatory test because it produces fewer false positives. The same study produced results of 94.8% and 58.9% for sensitivity and specificity, respectively, of the CF test in adult vaccinated cows.
The particle concentration fluorescence immunoassay (PCFIA) a is an automated system that can process up to 550 samples/hour, using a microcomputer to calculate results, store data, and produce a report. The assay is competitive, measures fluorescence from labeled antibody, and is used in states processing a high volume of samples. A sensitivity of 100% and a specificity of 12.9% were reported when results of < 0.70 were considered positive, but the sensitivity was decreased to 92% and the specificity increased to 48.6% when results ≤ 0.25 were considered positive. 5 Some laboratories use the PCFIA as a screening test, and others use it as a supplemental procedure.
The purpose of this study was to evaluate the PCFIA as it is routinely utilized in the program, using bacteriologic cultures as the standard, and to compare the results with those of the card and CF tests on the same samples.
Materials and methods
Source of data. The laboratory at the State of Oklahoma Department of Agriculture was selected because it routinely utilizes the card test, PCFIA, and CF test for serologic diagnosis of bovine brucellosis. This laboratory also has B. abortus isolates typed. Culture results, serologic test information, and limited data on the source of the sample were analyzed for calendar years 1990 and 1991.
Laboratory methods. The card (standard buffered Brucella antigen) and CF tests were performed according to recommended procedures, 8-10 and the PCFIA was performed according to the manufacturer's instructions. a The result produced by the PCFIA is a ratio of fluorescence from labeled antibody to that of a negative control. The lower the ratio, the higher the level of antibody present in the serum sample. Complement fixation results were reported as the reciprocal of the highest dilution in which at least 25% (1+) fixation was visually observed, with the last digit representing the degree of complement fixation (1-4). For example, a 25% fixation at a 130 dilution is reported as 81.
Culture specimens were either 1) milk or udder secretions, which were either individual quarter samples or composites, or 2) tissue specimens taken at slaughter, usually consisting of the suprammary and internal iliac lymph nodes. Procedures used for the isolation, identification, and typing of Brucella were those described in the protocol developed by the National Veterinary Services Laboratories. 7 Data analysis. For some cattle, more than 1 attempt to acquire a positive Brucella culture was made. These repetitions were deleted from our data set by representing each animal once by a simultaneous blood and culture examination. For animals sampled more than once, the last culture attempt was selected as the most likely to represent the animal's true status because culture attempts ceased when B. abortus was isolated.
Estimates for sensitivity, specificity, and positive and negative predictive values were calculated for each serologic test. Sensitivity was defined as the number of culture-positive animals that were detected by the test divided by the total number of culture-positive animals. Specificity was defined as the number of culture-negative animals that were test negative divided by the total number of culture-negative animals. The positive predictive value was determined by dividing the number of culture-positive animals that were correctly identified by the test by the number of test-positive animals. Conversely, the negative predictive value was calculated by dividing the number of culture-negative animals that were correctly classified as negative by the number of test-negative animals.
In addition, the sensitivity and specificity for all the tests combined was calculated using parallel and serial testing criteria. 6 With parallel testing, an individual was considered test positive if it was positive on any individual test. When the tests are used in series (i.e., the card test is administered first, then if card positive, the PCFIA is evaluated and if positive, the CF results determine the classification), an individual must have been positive to all tests to be classified positive. Confidence intervals were computed as previously described. 1 The significance of differences among the sensitivity, specificity, and positive and negative predictive value among tests was assessed by comparing the 95% confidence intervals.
To provide a comparison between the CF test and the PCFIA, the results of these 2 tests were examined in a scatter plot. The kappa statistic was used to quantify the degree of agreement between the 2 tests. 3 The Kruskal-Wallis test was used to examine the association between the result of the PCFIA and CF test and that of the culture. The log of the titer was used for comparing the CF test result to the different culture results. This nonparametric method was selected because Bartlett's test showed differences in variances among some of the groups.
Results
A total of 816 cows were evaluated by culture in an attempt to isolate B. abortus; 72.18% of the attempts resulted in no isolation (Fig. 1) . Isolation rates were associated with the level of antibody titer (Table 1) . Of the positive cultures, 74.8% were field strains (BV1 Table 1 . Comparison of serologic and culture results for brucellosis for PCFIA and complement fixation (positive culture = field strain or strain 19). Table 2 . Sensitivity, specificity, positive predictive value, and negative predictive value of the card test, PCFIA, and complement fixation test using the isolation of Brucella abortus as the standard (positive culture = field strain or strain 19). or BV2) and the remainder of the isolates were identified as strain 19 (attenuated vaccine strain).
Card test results were available for 791 of the samples. The card test correctly identified all but 7 of the 217 culture-positive animals (field strain or strain 19), for a sensitivity of 96.8% ( Table 2) . Six of the 7 culturepositive animals that were card test negative were positive on both the PCFIA and CF test. The corresponding specificity for the card test was 24.7%, with 432 of 574 culture-negative cows incorrectly identified as positive (Table 2) . When field strain isolations alone were considered as positive, the sensitivity was 98.1% and the specificity was 23.2% (Table 3) .
Of the 801 samples with PCFIA results, B. abortus was isolated from 217. Using a value of > 0.600 as negative, only 1 of 217 samples from culture-positive cows was classified as PCFIA negative, resulting in a sensitivity of 99.5% ( Table 2 ). The PCFIA correctly predicted the negative culture status (specificity) in 91 out of 584 (15.6%) cows. If a value of >0.300 was used instead of >0.600, the specificity was 44.7%, and the sensitivity was 95.4% (Table 2) . One hundred sixty-two cows were positive for a field strain; 161 had a PCFIA value of ≤ 0.600 (99.4%) and 154 had a value of ≤ 0.300 (95.1%) ( Table 3 ). Of the 639 animals cultured that failed to yield a field strain, only 91 had a PCFIA value of >0.600 (14.2%) and 263 had a value of >0.300 (4 1.2%) ( Table 3) .
The CF test was performed on 796 specimens; 216 of 217 samples from culture-positive cows had a CF test titer of at least 1 + at 1:10 (99.5%) and 203 had a titer of at least 1 + at 1:40 (93.5%) ( Table 2) . One hundred nine of the 579 (18.8%) samples from culturenegative cows were negative at 1:10, and 331 (5 7.2%) were negative at 1:40 (Table 2) . Of the 162 cows from which field strain was isolated, 161 had a CF test result of at least 1 + at 1:10 (99.4%) and 155 had a result of at least 1 + at 1:40 (95.7%). In 634 cows from which field strain was not isolated, 109 were negative at 1:10 (17.2%) and 338 were negative at 1:40 (53.3%) (Table  3) The results of the PCFIA and CF test, when performed on the same samples, were in moderate agreement as indicated by the kappa statistic. When cal- culated for a PCFIA value of ≤ 0.300 and a CF value of at least 1 + at 1:40, the kappa statistic was 0.67 (95% confidence intervals of 0.62-0.72). A value of ≤ 0.600 for PCFIA and at least 1 + at 1:10 for CF produced a kappa statistic of 0.65. Both values could be considered to indicate moderate agreement. The correlation between the 2 tests is illustrated in Fig. 2 , where the PCFIA value is plotted against the log of CF titer in samples for which both tests were performed.
In comparing the card test, the PCFIA (≤0.300), and the CF (≥41) test, there are significant differences in the specificities (Tables 2,3) . The CF was the highest in specificity, with the PCFIA next and the card the lowest. This was true whether the isolate was a field strain or both field strain and strain 19 combined. This trend was evident for the positive predictive values as well, although the differences were not significant (P < 0.05).
Samples from culture-negative cows produced a mean PCFIA value of 0.349, whereas sera representing cows from which strain 19 and a field strain were isolated had mean PCFIA values of 0.153 and 0.127, respectively. The difference was significant between negative and strain 19 isolations (P < 0.01) and between B. abortus field strain and strain 19 (P < 0.01). CF test results averaged 38.82 for negative cultures, 95.27 for strain 19, and 131.62 for the field strain. These differences are also significant when the log of the CF titer is used for the analysis of variance (P < 0.001). There was a definite association between the magnitude of the result and the likelihood of isolating B. abortus for both the CF test and the PCFIA, with 68.5% of the field strain isolations having a CF test result of at least 161 .
Discussion
Brucellosis laboratories vary as to which combination of approved serologic tests are used to make a diagnosis. Data from only 1 laboratory were used to eliminate differences among laboratories as a possible source of variability.
Culture attempts were not made from all cows from which serum specimens were submitted to the laboratory. Cows with high serologic titers were more likely to be cultured than those with lower titers and animals in some herds were often cultured extensively in an attempt to isolate field strain B. abortus. In the vaccinated herds with few seropositive cows, multiple culture attempts were often made in an attempt to isolate strain 19. In addition, tissue samples for culture were collected from reactors at slaughter and from other cows included in a herd depopulation. This method of selection may contribute to the smaller than expected differences among the sensitivities of all 3 tests, because few animals with negative CF or PCFIA results were cultured (41 of 816). In addition, this selection bias may have been the cause of a higher specificity for the card test than previously reported. 2 Because bacterial isolation is attempted to confirm infection in cows with serologic results suggestive of brucellosis, negative CF and PCFIA results eliminate many card test-positive cows from consideration for culture. Lower values for specificity and positive predictive value would likely have been observed for the card test if culture results were available from all cows tested by the laboratory.
A negative culture result does not represent a definitive diagnosis in animals suspected of having brucel-losis, especially for milk or udder secretions because shedding of B. abortus via the mammary gland may be intermittent. 4 Because milk composed the majority of specimens (533 [65.3%]), this characteristic is likely to have had considerable influence on the outcome of this study. Specificity and positive predictive value for the PCFIA and CF test in this study were likely lower than those that would be calculated if the true infective status of the cows could be determined with greater accuracy. For this reason, comparison of the relative sensitivities and specificities among the 3 tests examined, rather than focusing on the actual value, may be of more value. The results do however compare favorably to those of a recent study comparing standard serologic tests in known infected herds. 5 Specificity can be improved by using the 3 tests in series, which would more accurately simulate the use of the tests in practice where the card test is used initially to screen samples with supplemental tests used to determine status of all card test-positive specimens, many of which may not be infected. In this scenario, any negative test produces a negative classification. This produces a sensitivity and specificity of 90.8% and 63.3%, respectively. Parallel testing assumes the tests are run independently. If any test is positive, the sample is considered positive. Predictably, sensitivity was higher at 98.6% and specificity was much lower at 17.3%.
The results of this study suggest that the PCFIA can best be used as a screening test. This test exhibits a good balance between sensitivity and specificity that would reduce the likelihood of an infected animal not being identified without producing an unacceptable level of false-positive results. The CF test, with its higher specificity, appears to be the best confirmatory test.
The relatively low specificities of these 3 tests demonstrate that relying on test information alone could result in classification of many noninfected animals as reactors. The use of multiple tests and bacteriologic culture, along with other pertinent information such as vaccination status and herd history, is necessary to reduce this type of error to a level that allows progress toward eradication of brucellosis to continue.
